INTRODUCTION
Recent advances in very high density integrated circuits (ULSI) have required multilevel metallization schemes. Since this, in general, means many contacts between dissimilar conductors and semiconductors (i.e., silicon, aluminum, titanium silicide, platinum silicide) and subsequent high temperature annealing, barrier films have become an integral part of such circuits. For some time now, sputtered TiW has been used, where tungsten provides the barier and a small quantity of titanium is added to improve adhesion. A better barrier film, with good adhesion, has been found to be reactively-sputtered TiN. In both cases, the step coverage of either film is very poor, especially for high aspect ratio contact or via holes (>2:1). When film conformality is a critical issue, CVD TiN becomes a viable alternative, since as will be shown, these films can be almost l00vo conformal.
Unfortunately, the traditional CVD TiN process involves the reaction between TiCl4 + N2 + H2 at -1000"C, and this is much too high a temperature to be practical in ULSI where thermal budgets must be kept to a minimum.
In this paper, therefore, we will review lower temperature More recently, a number of studies have demonstrated that this reaction could be carried out in a low-pressure, cold-wall, single-wafer reactor3'6) at similar temperatures and high deposition rates (500-1000 A,l-in). One groupS) used a reactor with warm (rather than cold) walls (-250-350oC) to prevent deposition on the walls.
Film Chemistry:
In general, investigators have found that stoichiometric (1:1) films are formed by this process wlth small quantities of impurities. The most important of these impurities is chlorine, which can be bver 5 atomic percent. As shown in Fig. 1 The next concern relates to contact resistance. Placing a barrier film between two conductors must first keep them from diffusing into each other when subjected to thermal stress, but it must also allow low contact resistance between them. This is especially important for ULSI with very small contacts.-In one experiment, TiN was deposited directly onto silicon (p* -boron doped to 5x10l9lcm21, and the conract resistance was measured to be -2.2xL0-6 Q-cm after a 500oC bakea). In another study9), the TiN was deposited onto titanium silicide (salicide) contacrs, and the results are shown in Fig. 2 
